: Genetic variability and association of yield attributing traits with grain yield in upland Vol 46, No. 3,[831][832][833][834][835][836][837][838] A study was undertaken to find out the genetic variability and correlation between yield and other yield attributing characters of rice genotypes in upland ecology. The experiment was conducted with twenty two upland genotypes grown during Wet season under direct seeded condition in a randomized block design. Analysis of variance shows significance in all the traits indicating the presence of considerable amount of genetic variation among the genotypes. The traits like plant height, ear bearing tiller and yield has high genotypic coefficient of variance, phenotypic coefficient of variance and genetic advance. Plant height, ear bearing tiller, panicle length, panicle weight and length were positively and significantly correlated with yield. Plant height and grain per panicle, 50% flowering, thousand grain weight and ear bearing tiller has high direct effect on yield. Therefore, selection based on plant height, 50% flowering, thousand grain weight and ear bearing tiller could be more effective in upland rice.
INTRODUCTION
Rice (Oryza sativa L.) is the staple food for a large proportion of the world's population (ZHANG, 2007) . In India, rain fed upland rice accounts for 6.00 million hectares, which is 13.5% of the total rice area in the country where farmers mostly used traditional early rice varieties and contributing low productivity i.e. 0.6 to 1.5 t ha -1 . Development of high yielding genotypes under such conditions requires a thorough knowledge of existing genetic variation and extent of association of yield contributing characters. Yield revolution witnessed in irrigated areas following the introduction of plant type based high yielding varieties in mid sixties bypassed the eastern region, as the varietal technology hardly suited its highly diverse rainfed environment. The success of any breeding program depends on understanding the genetic nature of the character of interest, creation and prediction of genetic variability in subsequent generations and their inter relation ship with other characters. Yield is a complex character and is influenced by various other characters therefore it is essential to understand the association of other characters with yield in addition to the information on genetic variability. Yield contributing traits are interrelated and highly influenced by the environments (CHANDRA et al., 2007; NAYAK et al., 2008; PRASAD et al., 2001; ESWARA REDDY et al., 2013) and partitioned into direct and indirect effect for yield (MOHSIN et al., 2009) . Efficiency of indirect selection depends on the magnitude of correlations between yield and target yield components (TOKER and CAGIRGAN, 2004; BOSE et al., 2007; IDRIS et al., 2012; DHANWANI et al., 2013; PRATAP et al., 2014) . The path analysis has been used by plant breeders to support in identifying traits that are promising as selection criteria to improve crop yield and to detect the amount of direct and indirect effect of the causal components on the effect component (BOSE et al., 2005; INDU RANI et al., 2008; TOGAY et al., 2008; ALI et al., 2009; CHANDRA et al., 2009; AKHATAR et al., 2011; CYPRIAN and KUMAR, 2011) . Breeding for upland rice is a challenging task because all these information is meagre under stress situations. However, there are several reports on genetic variability and correlation studies on different characters in rice under normal conditions. Keeping in view this urgent need, this investigation was undertaken to understand the genetic variability and correlation between yield and other yield attributing characters under this ecology
MATERIALS AND METHODS
The material for the present investigation consists of 22 upland genotypes. These were grown in a randomized complete block design with three replications during wet season 2011 at Central Rice Research Institute research farm, Cuttack, India. The entries were direct seeded with six rows per entry having 30 hills per row with 20 × 15 cm spacing and care was taken to maintain 1-2 seedlings per hill. Observations on quantitative traits like days to 50% flowering (DFF), plant height, total tiller (TT), ear bearing tiller (EBT), panicle length (PL), panicle weight (PW), grain per panicle (GPP), test grain weight, yield, spikelet length and spikelet breadth. EBT/ m 2 and seed test weight were recorded on five randomly selected plants excluding the border rows from each entry while days to 50% flowering and plot yield were recorded on plot basis. The genotypic and phenotypic co-efficient of variations were computed through Burton's method (BURTON, 1952) . Heritability and genetic advance were worked out as per the method of HANSON et al. (1955) . Phenotypic correlation co-efficient was calculated according to the procedure suggested by ALJIBOUNI et al. (1958) and path analysis was worked out following DEWEY and LU (1959) . The statistical analysis was done using SAS 9.2 software.
RESULTS AND DISCUSSION Analysis of variance (ANOVA) shows that among the genotypes all traits were significant indicates the presence of considerable amount of genetic variation among the genotypes (Table 1) . The magnitude of variations between genotypes was revealed by high values of mean and range for traits of the genotypes (Table 2 ). High genetic variability for different traits in rice was earlier reported UMADEVI et al., 2009; AKINWALE et al., 2011; ULLAH et al., 2011) . The Estimates of mean, range, coefficient of variance (CV), genotypic coefficient of variance (GCV), phenotypic coefficient of variance (PCV), heritability and genetic advance of studied traits are presented in Table 2 . It is observed that phenotypic coefficient of variation (PCV) was higher than genotypic coefficient of variation (GCV) indicating environmental effect on the expression of the characters. Maximum coefficient of variation was observed in TT, EBT and yield (Table 1. ) This indicates that there is scope for further improvement of these characters through selection. High GCV values were observed in plant height followed by EBT and yield. This indicates that these characters can be manipulated for breeding high yielding varieties through hybridization and selection in subsequent generations in rice improvement programme under rainfed upland situation. High PCV values were observed in EBT followed by TT, plant height and yield ( Table  2) . The heritability of all the traits is greater than 89% except TT, EBT and yield ( Table 2 ). The genetic advance values ranges from 19.56% (breadth) to 45.59% (plant height). Moderate to high degree of heritability estimates indicate the presence of additive genetic effects hence selection based on phenotypic performance of these character will be effective. *-significant at 1%, ** -significant at 5% DFF: days to 50% flowering; PLHT: plant height; TT: total tiller; EBT: ear bearing tiller; PL: panicle length; PW: panicle weight; GRAINPP: grains per panicle; TGWT: test grain weight; SLENGTH: spikelet length; SBREADTH: spikelet breadth Table 3 gives the simple linear correlation coefficient between all the pairs of studied traits. It shows that yield is positively and significantly correlated with the traits plant height, EBT, PL, PW, grain per panicle and length. The genotypic and phenotypic correlation coefficient among all the studied traits is given in Table 4 , which revealed that the genotypic and phenotypic correlation of yield is positive and significant with plant height, EBT, PL, PW, grain per panicle and length; whereas other traits were not significantly correlated. The genotypic correlation coefficients were partitioned using path analysis to find out the direct and indirect effects of yield contributing traits towards grain yield and number in parenthesis are the direct on yield (Table 5 and Figure 1 ) which reveals that plant height (0.239) has highest direct effect on yield followed by grain per panicle (0.112), DFF, thousand grain weight and EBT. This suggests that these traits can be manoeuvred successfully for breeding high yielding varieties for this dynamic ecology. 
CONCLUSION
The results of the present study show that there is adequate genetic variability in the studied material. TT, EBT and yield has high coefficient of variation. The traits plant height, EBT and yield has high GCV, PCV and genetic advance. The traits plant height, EBT, PL, PW and length were positively and significantly genetically and phenotypically correlated with yield. Plant height and grain per panicle, 50% flowering, thousand grain weight and EBT has high direct effect on yield. Therefore, for increasing rice grain yield, a genotype with traits like high plant height, EBT, grain per panicle, thousand grain weight and 50% flowering should be considered for upland ecology.
GENETIČKA VARIJABILNOST PRINOSA I OSOBINA POVEZANIH SA PRINOSOM KOD BRDSKOG PIRINČA
Nitiprasad Namdeorao JAMBHULKAR and Lotan Kumar BOSE Centralni istraživački institut za pirinač, Cuttack-753006, Orissa, India Izvod U ovom radu je proučavana genetička varijabilnost i korelacije prinosa i drugih osobina povezanih sa prinosom kod genotipova pirinča u brdskom području. Eksperiment je izveden sa 22 genotipa brdskog pirinča, gajenih tokom vlažne sezone direktnom setvom u randomiziranom blok dizajnu. Analiza varijanse je pokazala značajnost za sva ispitivana svojstva, ukazujući na prisustvo značajne genetičke varijabilnosti između genotipova. Svojstva kao što su visina biljke, stable sa klasom i prinos imala su visok koeficijent genotipske i fenotipske varijanse i genetičko poboljšanje. Visina biljke zrno po klasu, 50% cvetalih biljaka, masa 1000 zrna I broj stabala sa klasom imaju visok direktan uticaj na prinos. Zbog toga bi selekcija zasnovana na ovim svojstvima trebalo da bude mnogo efikasnija kod brdskog pirinča.
